INTRODUCTION
Environment is a major concern when attention is directed toward the welfare of animals reared in nonsheltered, outdoor conditions. For example, effects of heat stress are expected to be more severe in hot climates, but animals living in relatively moderate climates are also exposed to periods of heat stress (Armstrong, 1994) . Consequently, animal welfare could be impaired (Schütz et al., 2010) . One of the strategies to reduce heat load is seeking shade and shelter (Blackshaw and Blackshaw, 1994) . However, it remains unclear what the temperature thresholds of the animals are to benefi t from such additional sheltering places.
Much research has focused on production losses to determine when an animal cannot adapt to a situation, but an animal will change its behavior to cope with a stressful situation well before production is affected. ABSTRACT: Concerns in regard to thermal discomfort experienced by cattle are increasing, especially in the summer time. It is important to determine whether or not pastured beef cattle would make use of shade during sunny circumstances in a temperate climate. If so, scientifi cally based guidelines may need to be formulated for translation into legislation aiming to protect animal welfare. Approximately 255 beef cattle on 18 pastures were observed from July 2010 through November 2010 in central Belgium. Pastures having either natural or artifi cial shelter for animal protection but similar with respect to agricultural and climatological characteristics were included in the study. The analysis of data focused on the effect of weather conditions on sheltering behavior of cattle, with pasture as a random factor. During sunny weather, ambient temperature had a signifi cant infl uence on the use of shade (P < 0.0001): the greater the environmental temperature was, the more cattle on a pasture were located in a shaded area. Ambient temperature (Ta) and relative humidity (RH) both tended to have a positive relation with shade use. However, the expected impact of their combined effect was not found, probably because of the strong negative correlation between RH and Ta (r = −0.7122) in the studied region. Greater wind speed (WS) reduced the need for shade, even at a greater Ta (P < 0.0001). Both Ta and solar radiation (RAD) infl uenced use of shade, but the interaction or combined effect was not signifi cant. The variability of shade use between the pastures in this study could be explained by the surface of shade present on the pasture. It is rather self-evident that cows made more use of shade when a greater percentage of the surface area was shaded, but the presence of remaining nonshaded area kept the alternative choice reliable. On the basis of the fact that more cattle being observed in a shaded area was associated with a higher dry air temperature, it can be concluded that providing shelter could also be valuable for pastured cattle living in a temperate region.
Interactions between climatological variables
As a consequence, behavior can be used to examine how animals directly respond to environmental conditions (Schütz et al., 2010) . As behavioral thermoregulation is a primary response to thermal discomfort, studying the use of shade by cattle is one way to gain an understanding of animal comfort in relation to sunny environmental conditions. Monitoring animal behavior and correlating it with environmental information can be used to determine management strategies to reduce the environmental impact (Handcock et al., 2009) . Although behavioral changes do not necessarily indicate stress or discomfort, behavior is often the fi rst reaction of an animal adapting to a specifi c environment (Jensen, 2002) . Seeking shade represents a measure to prevent an increase in heat load (Yeck, 1971) . The aim of this study was to investigate the effect of weather variables (temperature, relative humidity, solar radiation, and wind speed) on shade use by cattle when kept on pasture in a temperate climate. In an attempt to make conclusions independently of pasture characteristics, pastures having different characteristics were included in the study.
MATERIALS AND METHODS
Cattle were handled in accordance with the Belgian law on the protection of animals.
Animals and Pastures
The study was performed in central Belgium from July 2010 through November 2010. Observations were made on 18 pastures, with several kinds of natural and/ or artifi cial shelter. All pastures were situated within a 16 km 2 area with sandy loam soil. Although these pastures were very similar with respect to features of agriculture and landscape, they differed in some characteristics. Table 1 summarizes the characteristics that were not the same for the different pastures.
All pastures were situated within 5 km from the nearest weather station (Royal Meteorological Institute, Belgium). Most pastures provided only shade by vegetation, but some were also equipped with artifi cial shelter. Artifi cial shelter was considered as a shed or artifi cial element present on the pasture that could offer protection, for example, a wall. A total of 255 beef animals (mainly of the Belgian White-Blue type) were used. These animals were in pasture day and night from April to November. Animal features and feeding conditions were not included in the study because their effects are of minor importance to our goal (i.e., formulating a general conclusion for all beef cattle in the region, independent of animal features and pasture characteristics). However, these characteristics are assumed to be divided equally over the pastures regarding the large number of animals. Only data with suffi cient shade for all cattle were incorporated into the data set. Shaded area was considered as suffi cient when there was at least 2 m 2 shade/animal, according to Hahn (1981) , who recommended 1.8 to 2.5 m 2 shade/animal for large species. 
Data Collection
Observations were made on 43 d by the same observer, made from unfi xed positions while the observer walked around the pasture (Shultz, 1984) . The observations took place between 0900 and 2000 h. As the objective to examine shade use is best accomplished using cloudless days, only "full-sun" data were used in the analysis. At each observation the observer evaluated visually the overcast, enabling the selection of data that represent full-sun conditions.
Behavior. Behavior observations took place simultaneously for the whole herd using scan sampling technique (Martin and Bateson, 1995) . Measures are of the proportion of the whole herd on each pasture. The behavior categories monitored were grazing, lying down, and standing or walking. At the same time, the location of each animal was recorded as shaded or unshaded. Cows were considered shaded when at least 50% of their body was in the shade (Kendall et al., 2006) . For each pasture, the observer visually scanned the cattle 3 times/d at 5-min intervals. These scans were spread across the day, so that every pasture was observed at a different time each day. The short observation time for each pasture made it possible to gather data for all 18 studied pastures in the same day.
Meteorological Data. Meteorological data were collected near the pastures and included ambient (dry air) temperature (Ta), relative humidity (RH), wind speed (WS), and solar radiation (RAD). With a vane anemometer with integrated humidity measurement and negative temperature coeffi cient (NTC) air thermometer (Testo 410-2, Testo NV, Ternat, Belgium), Ta (±0.5°C), RH (±2.5%), and WS (±0.2 m/s) were measured. These weather variables were recorded 3 times/d for each study site. Solar radiation data were provided from the Royal Meteorological Institute of Belgium and are hourly values. Additionally, the percentage of shade on the meadow was estimated by the observer. Observations and measurements were always performed by the same person.
Statistical Analysis
For each observation, use of shade was calculated by dividing the number of shaded animals by the total number of animals on that pasture (Shultz, 1984) . Percentages were analyzed using the logistic mixed model (Glimmix procedure, SAS Inst. Inc., Cary, NC). Pastures were similar with respect to agricultural and meteorological characteristics, so that they can be aggregated to 1 pasture. However, to avoid any bias on the main effects to be studied, pastures were included as random effects in the statistical models. In all tests a P-value < 0.05 was considered to indicate statistical signifi cance.
As Ta is a major factor in climatological research, its individual effect was examined by fi tting a model with only Ta as covariate, but to examine the infl uence of a possible combined effect, interactions with Ta and the other measured variables were included in a multiple model. All meteorological variables are included as continuous variables to avoid having our results depend on a subjective choice concerning the discretization of continuous variables. Next, a model including covariates (meteorological data and pasture characteristics) was used to fi nd out whether or not the observed variability within behavioral categories could also be explained by characteristics of the pastures.
RESULTS AND DISCUSSION
Other research on sheltering behavior (Tucker et al., 2008; Schütz et al., 2009 ) is based on existing climatological indices. These indices are inferred from research in more extreme climates, and therefore, the deduced stress levels may not fi t for animals in a temperate climate as they are only briefl y exposed to hot weather and probably no acclimatization occurs. Therefore, no prior assumptions were made about stress responses in relation to the measured data, and the individual effect and interactions between Ta and other climatological variables were investigated.
The environmental conditions collected during the observation moments are summarized in Table 2 . Data are derived from observation records and are summarized per month.
Ambient temperature is considered a major factor within climatological effects on animals. Therefore, its effect was examined in a simple model. In addition, thermal stress is not dependent only on Ta; thus, other climatic factors should be considered as well (Fisher, 2007) . To examine the infl uence of these factors, the correlations between Ta and the other measured variables were calculated.
Temperature
As shown in Table 3 , there was a signifi cant effect of Ta on sheltering behavior (P < 0.0001). The positive value of the estimated value indicates a statistically signifi cant positive relation between Ta and use of shade. In Fig. 1 , descriptive statistics are used to show some percentages of animals using shade at lower and higher environmental temperatures. In Fig. 1 , temperatures were subdivided into 2 classes on the basis of the defi nition of the thermoneutral zone (TNZ) for cattle according to Berman et al. (1985) . This author considers 25°C to 26°C as the upper limit of the TNZ, independent of animal characteristics such as milk yield or acclimatization state.
At lower temperatures (<25°C), on average, 16% of the observed animals used shade, and at higher temperatures, on average, 23% were covered by shade (Fig.  1) . This result agrees with Fraser (1985) , who state that cattle of most European breeds seek shade as the air temperature rises above 22°C to 27°C. Vandenheede et al. (1992) found that bull calves of the Belgian White-Blue breed sought shade at a temperature of 20°C and higher, and shelter was used 49% of the time at temperatures between 20°C and 25°C. On the other hand, Gaughan et al. (1998) found in their study with Holstein cattle that cows did not seek shade at temperatures below 30°C. Our results, as with the results of these authors, indicate the positive association between dry air temperature and sheltering behavior but also the existence of individual variability, which probably can be explained by acclimatization effects, regardless of the duration of exposure to hot weather and interactions with other weather variables, which were not evaluated. Therefore, combined effects of weather parameters were also studied.
Temperature by Relative Humidity Interaction
Ambient temperature and RH should be considered in combination because high Ta and high air humidity were found to be the primary factors that might cause heat stress (West, 1995) . Indeed, air humidity infl uences the rate of evaporative heat loss from animals through the difference among evaporative pressures (Yeck et al., 1971 ). This combined effect was studied with a model in which Ta, RH, and the interaction Ta × RH were included. Table 3 shows the results of this analysis. Both Ta and RH seem to have a positive relation with shade use. The interaction, however, has a negative value. Hence, the positive effect of temperature (more shade use when Ta is higher) gets smaller as RH increases. This might be explained by the specifi c climatological situation in the study area. Indeed, the strong negative correlation between RH and Ta (r = −0.7122) means that high temperatures are almost never combined with a high RH in this area. Data from a weather station in the Netherlands, situated close to Belgium and within the same climatological region, show that when Ta exceeds 25°C, mean RH was lower than 50%. When Ta was above 30°C, the mean RH was less than 40% (Royal Netherlands Meteorological Institute, 2012) . Figure 2 shows some concrete numbers on the infl uence of RH at temperatures below and above the upper critical temperature (UCT) on the sheltering behavior. Sheltering behavior tended to occur at higher Ta in combination with a RH above 50%. However, a high SEM suggests that there is variability between individual animals with respect to the infl uence of the combination of Ta and RH and whether an animal chooses shade or not.
Temperature by Wind Speed Interaction
Heat is dissipated trough air movements over the body surface of the animal. This heat transfer is infl uenced by WS (Esmay, 1969) . The interaction of Ta and WS was negative ( Table 3 ), meaning that the effect of temperature gets smaller when WS increases. In other words, greater WS reduces the need for shade, even at a higher environmental temperature. Figure 3 shows the infl uence of the WS at temperatures below and above the UCT. Wind speed is divided into 2 categories based on Baeta et al. (1987) , who found that WS under 0.5 m/s has little effect on the heat balance of cattle.
Wind speed had a negative infl uence on shade use in sunny conditions; a greater WS reduced the need for shelter. This applies also for higher temperatures in combination with greater WS. West (2003) showed that cows, in addition to shade, also seek wind to reduce heat stress. By air movement on the body surface of the animal, heat is effi ciently dissipated (Esmay, 1969) . In contrast, when temperatures were lower, shade use was greater with increasing WS, possibly indicating avoidance of thermal discomfort from cold. Lower WS has little impact on the heat balance of an animal, but wind velocity from 6 m/s on might increase heat loss considerably (Baeta et al., 1987) . In this study, sheltering behavior at low temperatures was more common when WS was high. Possibly, the shade structures also offered wind protection. This result is in agreement with Redbo et al. (2001) , who found that at low temperature and RAD in combination with high WS, more cattle moved to the afforested areas of the pasture instead of staying in open areas.
Temperature by Solar Radiation Interaction
There was no signifi cant interaction between Ta and RAD. Using 2 separate simple models, both parameters show a signifi cant infl uence on shade use. Figure  4 shows the effect of a lower and higher RAD in combination with a temperature below or above the UCT. It has already been shown that cattle are strongly inclined to seek shade when Ta is high and RAD is high (Tucker et al., 2008) .
Infl uence of Pasture
The fact that several pastures were used (i.e., other individuals on other pastures) made the analysis more complex but enabled us to form a general conclusion for all beef cattle in the study region compared with other studies that always used the same animals on 1 pasture. Table 4 shows estimates for the variance between pastures, with and without correction for various covariates. Including no weather variables in the model, the estimate is 2.2231. Using the same models but incorporating weather parameters did not lower this value, suggesting that the environmental conditions do not explain the variability between the pastures.
Variability between the pastures might be explained by the pasture characteristics. Both shade type and area of shade might infl uence shade use by cattle. Even the surface area can have an infl uence; when cattle are on a large open pasture, the chance that they encounter a shaded area decreases. Apparently, cows made more use of shade when shaded percentage of the surface area was greater (P < 0.0001), indicated by the positive estimate value (Table  3) . Of all covariates considered, shade percentage reduced the variability between pastures the most (Table  4) . Surface area and shade type did not lower the estimate value of the covariance parameter and hence did not explain this variability. Figure 5 shows the comparison of shade use between pastures where less than 10% of the area was shaded, between 10% and 50% was shaded, and over 50% was shaded. Shade use was, on average, 10%, 19%, and 40%, respectively (Fig. 5) . Using a similar model, shade type (natural vs. artifi cial shade or both) did not infl uence shade use (P = 0.3251) nor did surface area (P = 0.4827; data not shown). De Souza et al. (2010) found that the presence of trees infl uenced the time and the frequency in grazing and resting; additionally, animals remained longer under shade when trees were taller. Schütz et al. (2010) found that providing more shade area to dairy cattle increased the time spent in the shade and allowed simultaneous use of the shade, indicating that when given a greater area of shade, cows are able to share it rather than compete for it. On the other hand, it is logical that the larger the shaded pasture area is, the greater the probability is that an individual animal will be situated in the shade.
Correction for percentage of shaded area did not change the signifi cant effects of the climatological parameters, meaning that their infl uences on shade use are independent of percentage of shade on pasture.
The response of beef cattle to mild sunny weather exposure was characterized by their sheltering behavior. Below a Ta of 25°C, 16% of the animals on a pasture were observed in a shaded area; that percentage rose to 23% when Ta was above 25°C. Nevertheless, when high Ta coincided with greater WS, the need for shade decreased. Considering Ta and RAD, both seemed to have a positive relation with use of shade, but the interaction or combined effect was not signifi cant. However, the expected impact of the combination of high Ta and high RH was not found, probably because of the strong negative correlation between RH and Ta (r = −0.7122) in the studied region. The variability in use of shade between the different pastures in the studied area had to be explained by the proportion of shade present on the pasture. Apparently, beef cattle made more use of shade when a greater percentage of the surface area was shaded. Even in a temperate region, cattle react in a similar way to environmental conditions as cattle that are frequently faced with extreme weather. On the basis of the relation between shade use and weather circumstances, it can be concluded that providing shelter on pastures may protect cattle against thermal discomfort, and even in a temperate region shelter could be valuable. 
